The number of users required for usability studies has been a controversial issue over 30 years. Some researchers suggest a certain number of users to be included in these studies. However, they do not focus on eye tracking studies for analysing eye movement sequences of users (i.e., scanpaths) on web pages. We investigate the effects of the number of users on scanpath analysis with our algorithm that was designed for identifying the most commonly followed path by multiple users. Our experimental results suggest that it is possible to approximate the same results with a smaller number of users. The results also suggest that more users are required when they serendipitously browse on web pages in comparison with when they search for specific information or items. We observed that we could achieve 75% similarity to the results of 65 users with 27 users for searching tasks and 34 users for browsing tasks. This study guides researchers to determine the ideal number of users for analysing scanpaths on web pages based on their budget and time.
Introduction
The number of users required for usability studies is being discussed over 30 years in the literature [Lewis 1982; Schmettow 2012] . Specific numbers, ranging from five users to 20 users (See Section 2), have already been suggested despite the fact that more users are typically used for statistical analysis (such as Jerger et al. [2014] ). There is also a considerable number of views which argue against these suggested numbers [Bevan et al. 2003; Alroobaea and Mayhew 2014; Schmettow 2012] . They assert that each study has its own characteristics, and therefore the number of users should not be the same for all usability studies. In particular, it is typically suggested to include more users in more complicated studies [Alroobaea and Mayhew 2014; Schmettow 2012] .
Eye tracking studies are increasingly used in usability research, especially for improving the usability of web pages [Ehmke and Wilson 2007] . In particular, the transition probabilities between web page elements can be a guide to evaluate the efficiency of the arrangements of the elements on the web page [Ehmke and Wilson Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. c 2016 ACM. ETRA 2016 , March 14 -17, 2016 . Moreover, longer scanpaths can be associated with less efficient searching on web pages [Ehmke and Wilson 2007] . However, as researchers, we commonly experience difficulties in finding users for our eye tracking studies. A separate session should be allocated for each user in these studies. When there is only one eye tracker and/or one researcher, the study cannot be conducted in parallel. Therefore, researchers may need a considerable amount of time to complete their studies. To counteract with these problems, it is important to determine the ideal number of users. In this paper, we investigate the effects of the number of users in eye tracking studies that are conducted for analysing eye movement sequences of users (i.e., scanpaths) on web pages.
Whilst we are reading web pages, our eyes make fixations where they become relatively stationary. Our eyes also make quick movements between fixations called saccades. The sequences of fixations and saccades represent our scanpaths on web pages. Figure 1 illustrates an example of a scanpath on the BBC web page which is segmented into its visual elements, such as headers, search boxes and menu items [Akpınar and Yeşilada 2013] . These elements help users to complete their tasks. For example, on the BBC web page, users can click on the Weather menu item (the element D) to access weather estimations. As can be seen from this figure, fixations are represented by circles where longer fixations are illustrated by larger circles. Moreover, saccades are represented by straight lines.
Scanpaths can allow to recognise how users traverse web pages. By analysing user scanpaths, we can understand which visual elements were mostly fixated and in which order. This can then be used for different purposes, specifically for re-engineering (i.e., transcoding) web pages to make them more accessible in constrained environments such as on small screen devices [Akpınar and Yeşilada 2015] and in audio representation [Yesilada et al. 2013] . For example, visual elements can be re-ordered to give a direct access to firstly and commonly fixated visual elements, and therefore users can directly focus on the desired content. This kind of transcoding is known as Experiential Transcoding [Yesilada et al. 2013] . Scanpaths can also analysed for guiding web designers to improve their designs or testing whether users follow the expected path for a particular goal on a web page [Ehmke and Wilson 2007] .
The aim of this paper is to investigate whether a smaller group of users can also reveal the approximate results for scanpath analysis. Hence, our research question here is: Is it possible to approximate the same results in scanpath analysis with a smaller group of users?
In order to achieve the aim, we conducted experiments with our algorithm called Scanpath Trend Analysis (STA) [Eraslan et al. 2016b] . This algorithm analyses individual scanpaths of multiple users on a web page and then identifies their most commonly followed path in terms of the visual elements of the web page. We call this path Trending Scanpath. Trending scanpath differs from an absolute path (i.e., fully shared path). Existing algorithms typically try to find an absolute path, and therefore they are likely to produce unacceptably short results because of the variations caused by individual differences. In the STA, if a particular visual element is not shared by all individual scanpaths but it gets at least the same attention as the shared visual elements, the visual element is included in the resulting scanpath. In comparison with other existing algorithms, this algorithm provides the most representative scanpath for multiple users [Eraslan et al. 2016b ].
In our previous paper, we described the STA algorithm with its evaluation by using an eye tracking study in depth [Eraslan et al. 2016b] (Sections 3 and 4). In this paper, we present a new study to investigate whether we can approximate the same results in scanpath analysis with a smaller group of users (Sections 5-8).
Related Work
Researchers typically come across difficulties in finding users for their usability studies [Renkema-Padmos et al. 2014] . There are researchers who indicate that there is no need for a large volume of users for usability studies. These researchers commonly analyse some previous studies and model their findings to estimate the ideal number of users [Nielsen and Landauer 1993; Law and Hvannberg 2004; Hwang and Salvendy 2010] . These numbers are known as Magic Numbers in the literature [Bevan et al. 2003 ]. This section firstly discusses these magic numbers and then associate them with scanpath analysis on web pages.
The most popular magic number is five users which is suggested by Nielsen and Landauer [1993] . In order to estimate this number, they analysed their own previous studies and then fit their findings with a Poisson mathematical model. The equation of this model is shown in Equation 1 where i is the number of users, N is the total number of problems, and λ is the probability of finding a usability problem when a single, average subject, or a single, average heuristic evaluator, is used [Nielsen and Landauer 1993] . Based on their own previous studies, they suggest that the typical value of λ is equal to 31%.
Based on the Poisson model, they suggest that it is possible to discover 85% of usability problems of a particular product with only five users. However, their study has got some considerable limitations. Although they calculated the λ value by using their own previous studies, there are views which argue that each study has its own features, and therefore this value cannot be unique. For example, it can be changed according to the complexity of products and/or the characteristics of users [Spool and Schroeder 2001; Caulton 2001] . In order to address this problem, Lewis [2001] suggests to conduct some initial sessions and then estimate this value based on the sessions. However, Nielsen [2012] suggests that when a web page consists of many different features, several different usability tests are needed instead of increasing the number of users for each test.
Further studies were conducted by Faulkner [2003] to test whether five users are sufficient to find 85% of usability problems. She noticed that this is not the case for all five users. Based on her experiments, five users found only 55% of the usability problems in some cases. She then states that 15 users should be included in a study to find 85% and above of usability problems. Moreover, Hwang and Salvendy [2010] conducted a meta-analysis by analysing many published research papers since 1990 and suggest that at least 10±2 users are required to discover 80% of usability problems. Furthermore, Alroobaea and Mayhew [2014] recommend to consider 20 users as a maximum number of users and 12 users as a minimum number of users for usability studies along with the complexity of the study and the criticality of its context.
As can be seen from the summary above, existing research typically tries to find the minimum number of users for usability studies which attempt to find usability problems but do not focus on eye tracking studies. However, eye tracking studies have been widely conducted to investigate user interactions with web pages for different purposes in usability research, particularly for improving the usability of web pages [Ehmke and Wilson 2007] .
Pernice and Nielsen [2009] have certain suggestions for eye tracking studies. They suggest researchers to include 39 users if they want to have a stable heat map. Heat maps represent mostly fixated areas on visual stimuli [Tobii Technology 2010] . As can be seen from an example of a heat map in Figure 2 , they consist of different colours where red colour usually represents the highest number of fixations or the longest time, in contrast, green colour represents the least [Tobii Technology 2010] . Although these maps are useful to directly recognise the most commonly fixated areas, they do not take a sequence into account. Therefore it should not be interpreted that 39 users can also be sufficient for analysing user scanpaths. As illustrated in Figure 3 , user scanpaths are much more complicated than heat maps for analysis. Pernice and Nielsen [2009] also state that if a qualitative study will be conducted by watching eye movements of users, six users are sufficient. Watching eye movements of users on a particular web page may provide a general idea about the user behaviours on the web page. However, as eye trackers collect a large amount of data, some important details can be eluded if researchers only watch the recordings. Similar to the views against the magic numbers for usability studies, there are also views which claim that there is no unique number for eye tracking studies because of their objectives and characteristics [Rösler 2012] .
In this paper, we investigate whether a smaller group of users can also reveal the approximate results in scanpath analysis by using our STA algorithm. Similar to the most of other existing scanpath analysis algorithms (such as West et al. [2006] , Goldberg and Helfman [2010] and Eraslan et al. [2014] ), our algorithm conducts a scanpath analysis based on the areas of visual stimuli that we call them visual elements of web pages.
Other existing scanpath analysis algorithms can mainly be used for determining similarities or dissimilarities between scanpaths, calculating transition probabilities between visual elements, detecting sequential patterns within given scanpaths, and identifying a representative scanpath for multiple users [Eraslan et al. 2016a ]. These algorithms typically do not take the durations of fixations into consideration, but the STA algorithm considers the durations to identify a trending scanpath [Eraslan et al. 2016b] . Furthermore, the algorithms are typically affected a lot because of the variations caused by individual differences while they are detecting patterns and identifying a representative scanpath for multiple users [Eraslan et al. 2016a] . Hence, their results might not be sufficiently representative for the users. In comparison with other algorithms, the STA algorithm provides the most representative scanpath [Eraslan et al. 2016b ].
STA: Scanpath Trend Analysis
The STA algorithm is designed for analysing multiple scanpaths on a web page to identify their trending scanpath in terms of the visual elements of the web page [Eraslan et al. 2016b ].
We already evaluated the STA algorithm by using an eye tracking study with 40 participants and six web pages for browsing and searching tasks [Eraslan et al. 2016b] . In our evaluation, we compared the resulting scanpaths of the STA algorithm and other existing algorithms with the individual scanpaths. We then applied the paired T-Test or its non-parametric alternative Wilcoxon Signed Rank Test to investigate whether the resulting scanpaths of the STA algorithm were more similar to the individual scanpaths in comparison with the resulting scanpaths of other algorithms. Based on our evaluation, the STA algorithm performs significantly better than other existing algorithms in terms of providing a similar scanpath to individual scanpaths, and this is not an occurrence by chance (p < 0.05).
In order to identify a trending scanpath, the STA algorithm consists of three main stages which are briefly explained below.
Preliminary Stage: Individual Scanpaths
In the preliminary stage, the eye movement sequences of users are represented in terms of the visual elements of the web page. For example, the individual scanpath in Figure 1 is represented as LLLTTTP.
To segment web pages into their visual elements, we use the extended and improved version of the Vision-Based Page Segmentation (VIPS) algorithm [Akpınar and Yeşilada 2013] . This segmentation algorithm automatically segments a web page into its visual elements by using both its source code and visual representation (See Figure 1) . As it also correlates the visual elements with the underlying source code, user scanpaths can be used for further processing of web pages, especially for the purpose of re-engineering. The VIPS algorithm segments web pages based on a granularity level which is inversely proportional to the sizes of segments. Specifically, when the granularity level increases, more and smaller segments are provided. A user study conducted by Akpınar and Yeşilada [2013] suggests the fifth segmentation granularity level as the most successful level with approximately 74% user satisfaction. Hence, we use this level to segment web pages.
First Pass: Trending Visual Elements
In the first pass, the STA algorithm analyses the individual scanpaths to identify the trending visual elements by using their occurrence frequencies and the total durations of fixations on the visual elements (i.e., dwell time).
A user can visit the same visual element more than once which can be consecutive (such as LLTP) and/or non-consecutive (such as LTPL). Each non-consecutive visit is referred to as a visual element instance. For example, LLTPL has two visual element instances of L. These instances are differentiated by giving them different numbers based on their durations as the durations are associated with information processing [Velichkovsky et al. 2002; Follet et al. 2011] . In particular, the longest instance of a particular element will get the first number in an individual scanpath (such as L1 T1 P1 L2). The visual element instance can be trending if it meets with both of the following two conditions:
1. Its total occurrence frequency ≥ the minimum total frequency of the visual element instances shared by all of the individual scanpaths. 2. Its total duration ≥ the minimum total duration of the visual element instances shared by all of the individual scanpaths.
Second Pass: Trending Scanpath
In the second pass, the STA algorithm locates the trending visual element instances into a trending scanpath according to their overall positions in the individual scanpaths. where P is the instance position in the individual scanpath (starting with zero) and L is the length of the individual scanpath. The maximum value and the minimum value are taken as 1 and 0.1 respectively.
The total priority value (Ψ) for each instance in all the individual scanpaths is then determined by using Equation 3 where n is the number of individual scanpaths. The instances are then located in the resulting scanpath according to their total priority values in descending order. In case of the same total priority values, the total duration and occurrence frequencies are considered.
Finally, the numbers of the visual element instances are removed (e.g. L1 → L) and then the consecutive repetitions are abstracted (e.g. LLTP → LTP) so that the trending scanpath is represented in terms of the visual elements.
An Eye Tracking Study
In order to investigate the effects of the number of users on scanpath analysis, we used an eye tracking study conducted at both the University of Manchester and Middle East Technical University Northern Cyprus Campus (METU NCC) in 2013 with 40 users. This study was previously used to evaluate the STA algorithm [Eraslan et al. 2016b] . To increase the number of users, we conducted the same eye tracking study at METU NCC in 2014. Therefore, we now have 81 users in total to investigate whether or not it is possible to approximate the same results with a smaller number of users in eye tracking studies conducted for analysing user scanpaths.
Equipment and Materials
To record eye movements of the users, a 17" monitor was used with a built-in Tobii T60 eye tracker. The screen resolution was adjusted as 1280 x 1024. These users were asked to complete specific tasks on the saved versions of the Apple, Babylon, AVG, Yahoo, Godaddy and BBC web pages (See Open Data Section). This ensures that the pages were not changed or updated between the sessions.
These web pages were randomly chosen from a user study that aimed to evaluate the extended and improved version of the VIPS algorithm [Akpınar and Yeşilada 2013] . In that study, the top 100 web pages listed by ALEXA.com in 2013 were investigated with the Visual Complexity Rankings and Accessibility Metrics (VI-CRAM) framework [Michailidou 2010 ]. The ViCRAM framework discovers visual complexities of web pages that are correlated with users' perception [Michailidou 2010] . Once the complexities of the web pages were determined, ten web pages were randomly selected for each of the low, medium and high complexity groups. To consider web pages from different visual complexity groups, two web pages were randomly selected from each complexity group for the eye tracking study. The Apple and Babylon pages have a low complexity, the AVG and Yahoo pages have a medium complexity, and the Godaddy and BBC pages have a high complexity.
User Tasks
The tasks used were categorised into two groups which were browsing and searching tasks. In the browsing tasks, the users serendipitously browsed on the web pages. In contrast, they were requested to find specific information or items on the web pages for the searching tasks. These tasks can fit into G. Marchionini's Search Activities Model which is one of the most popular models in categorising user tasks on web pages [Marchionini 2006 ]. In this model, user tasks are divided into the lookup, learn and investigation groups. The browsing tasks belong to the investigation group, and the searching tasks belong to the lookup group. The searching tasks are provided below.
• Apple: (a) Can you locate a link which allows watching the TV ads relating to iPad mini? (b) Can you locate a link labelled iPad on the main menu? 
Procedure
The users firstly read an information sheet about the study and then signed the consent form to accept that they were aware of their rights and their participations were voluntary. After that, they were requested to fill in a brief questionnaire that required their gender, age group and educational level. Following this, they sat in front of the monitor and viewed the web pages two times for browsing (30 seconds) and searching (maximum 120 seconds) in a random order. To deal with the memory effects, the half of the participants were asked to do the browsing tasks at their first visits to the web pages and do the searching tasks at their second visits. The task order was reversed for another half of the participants.
Participants
This study was conducted in 2013 with 20 female and 20 male users, and in 2014 with 20 female and 21 male users. In total, 40 females and 41 males participated in the study. Most of these users were students, along with some academic and administrative staff at the two universities. All participants used the web on a daily basis, except for one male who claimed that he used the web weekly. The majority of these users (55 users) were aged between 18 and 24, then 25-34 (20 users) and then 35-54 (6 users). Furthermore, 55 users completed their high schools, seven users held a bachelor degree, ten users completed their master degrees and nine users held a PhD degree.
Methodology
Before we started our experiments, we noticed that some of these users could not be successful in completing their tasks on the web pages and/or had eye calibration problems. We defined these users as unsuccessful users and then had to exclude them from the experiments. Subsequently, there were different numbers of users on the web pages for the browsing and searching tasks. For instance, there were 67 successful users on the Apple page whereas 77 successful users on the BBC page for the searching tasks. To have an equal number of users, we also randomly excluded some of the successful users. We then had 65 successful users on each web page for the browsing and searching tasks.
In order to investigate whether or not it is possible to approximate the same results in scanpath analysis with a smaller group of users, we firstly segmented the web pages with the extended and improved version of the VIPS algorithm with respect to the granularity level five [Akpınar and Yeşilada 2013] . We then applied the STA algorithm to the users for identifying their trending scanpaths. Afer that, we randomly selected smaller groups of users with the size of one user to 64 users from the successful users and then applied the STA algorithm to identify their trending scanpaths. These trending scanpaths were then compared with the trending scanpaths of the entire group. In order to eliminate any possible effects of the selected users, we generated 100 different combinations for each group size and calculated their median similarity to the entire group as a similarity to the entirety of the group [Faulkner 2003 ]. The reason for using the median similarity instead of the average similarity was to deal with any possible extreme cases.
The Levenshtein Distance (String-edit) algorithm was used to compare two scanpaths in our experiments as it has commonly been used to calculate the distance between two scanpaths represented as strings [Josephson and Holmes 2002; Takeuchi and Habuchi 2007] . Since our scanpaths were represented in terms of the visual elements of the web pages, they were also in a string format. This enabled us to use this algorithm for the comparison. The String-edit algorithm uses a minimum number of operations (insertion, deletion and substitution) to transform one string to another [Josephson and Holmes 2002] . For example, the distance between ABCDE and ABCDF is calculated as one because the transformation can be done by only substituting E with F or vice versa. However, the substitution costs between all pairs of visual elements potentially are not the same because the sizes and the distances between the visual elements may be different [Josephson and Holmes 2002] . In order to take this into consideration, it has been suggested to use a substitution matrix which holds substitution costs between all pairs of visual elements [Takeuchi and Habuchi 2007] . As suggested by Takeuchi and Habuchi [2007] , we used an Euclidean distance between the visual elements to create a substitution matrix. Equation 4 shows how to calculate a substitution cost between two visual elements A and B based on an Euclidean distance where A1 and A2 are x and y coordinates of the centre of the visual element A, and α is a type of normalisation parameter [Takeuchi and Habuchi 2007] . We used 0.001 as a value of the parameter as suggested by Takeuchi and Habuchi [2007] .
The substitution matrix was then used with the String-edit algorithm to find the distance between two scanpaths by calculating the minimum total cost to transform one scanpath to another one. To find the similarity between two scanpaths as a percentage based on the String-edit distance [Underwood et al. 2008 ], the distance between two scanpaths was divided by the length of the longer scanpath to find a normalised score which allows preventing possible inconsistencies caused by different lengths. The normalised score was then subtracted from one and multiplied by 100.
When the similarity to the entire group was calculated for each smaller group, we used the curve estimation feature of SPSS 1 to select the best curve that fits into the average of these similarities for the six web pages for the browsing and searching tasks. In other words, we selected the curve with the minimum standard error of the estimate.
Results
The average, median, standard deviation, minimum and maximum similarities between the trending scanpaths of the entire group and the 100 random subsets of each group size on each web page for the browsing and searching tasks are provided in our external repository (See Open Data Section). Figure 4 shows the average estimated curves with their equations for the browsing and searching tasks where S is the similarity to entire group and i is the number of users. Both of these curves illustrate that it is possible to approximate almost the same results with a smaller group of users in scanpath analysis.
Based on our experimental results, 27 users can provide 75% similar results to the results of 65 users for searching tasks whereas 34 users are needed to achieve 75% similarity for browsing tasks. Table 1 also shows the numbers of users required to reach 75%, 80%, 85%, 90%, 95% and 100% similar results to the results of 65 users for browsing and searching tasks. As can also be seen from the table, after 52 users, the same trending scanpath is likely to be identified when users are asked to find specific information or items on web pages (See also Figure 4 ). Table 1 : The numbers of users required to reach 75%, 80%, 85%, 90%, 95% and 100% similar results to 65 users' results for browsing and searching tasks based on Figure 4 The similarity to the entire group In order to cross-validate the results, we divided the web pages into two equal-sized sets. Each set consists of three randomly chosen web pages with the low, medium and high complexity. These sets were named as the set A and the set B. The Babylon, AVG and Godaddy pages were included in the set A whereas the Apple, Yahoo and BBC pages were included in the set B. To estimate the best curve for these two sets for the browsing and searching tasks, we applied the same methodology described in Section 5.
To compare the results of the set A and the set B, we calculated the absolute difference in their curves for each group size. For example, as illustrated in Table 2 , the difference between the set A and the set B for 15 users is equal to 7.30 (Set A: 55.99, Set B: 48.70) for the browsing task and 11.60 (Set A: 51.91, Set B: 63.51) for the searching task. Table 3 also shows the average, maximum, minimum and standard deviation of these differences between these two sets for the browsing and searching tasks. As can seen from the table, the average difference between the curves of the set A and the set B is only 8.06% for the searching tasks and 11.98% for the browsing tasks. The cross-validation supports our findings illustrated in Figure 4 with some variations. In particular, the results of the crossvalidation also suggest that 27 users can achieve 75±3% similar results to the results of 65 users for searching tasks and 34 users can achieve 75±6% similar results to the results of 65 users for searching tasks.
Discussion
According to our experimental results, there are some differences in the results because of the type of tasks. In particular, more users were needed to reach 75% similar results for the browsing tasks. This is an expected situation because no specific requirement was given for the browsing tasks such as reading the first item of Sport News on the BBC page or finding the telephone number for technical support on the Godaddy page. Without a specific requirement, the users freely browsed on the web pages and focussed on the visual elements that attracted their attention. Therefore, the variances between the individual scanpaths for the browsing tasks are likely to be higher than the variances for the searching tasks. Based on the results, we can suggest that when users are requested to find specific information or items on web pages, a smaller group of users is needed in comparison with when users freely browse on web pages to reach the desired results. Pernice and Nielsen [2009] suggest to conduct eye tracking studies with 39 users for stable heat maps. Heat maps do not represent the sequences of fixations, but our study focuses on these sequences. As also mentioned in Section 2, eye movement sequences are more complicated for analysis in comparison with heat maps. However, based on our experimental results, we can suggest that our findings are still consistent with their suggestions, especially for browsing tasks (See Section 6).
The majority of the users included in our experiments were students. However, we tried to increase the diversity between the users by conducting the eye tracking study at both the University of Manchester and Middle East Technical University Northern Cyprus Campus. We also invited people to our study from different countries and different departments. More web pages could also be included from different categories such as a social networking website and a search engine. However, we believe that the results are not affected significantly because the focus here was the structures of web pages, not their contents. Although there are also some other existing approaches for identifying a common scanpath of multiple users (such as Eraslan and Yesilada [2015] ), our STA algorithm provides the most representative common scanpath (See Section 3) [Eraslan et al. 2016b] . Because of this reason, we used the STA algorithm in our experiments.
In our experiments, we used the fifth granularity level of the extended and improved version of the VIPS algorithm to segment web pages [Akpınar and Yeşilada 2013] . We are now planning to investigate the effects of different granularity levels on our findings. In addition, the String-edit algorithm was only used in our experiments to calculate the similarities between the resulting scanpaths [Takeuchi and Habuchi 2007] . Therefore, we are also planing to use an alternative method to the String-edit algorithm (such as the NeedlemanWunsch algorithm [Cristino et al. 2010] ) to investigate whether our findings are still consistent. The experiments can also be conducted with different segmentation approaches and different scanpath analysis algorithms to cross-validate the results in the future. For example, a grid-layout segmentation [Underwood et al. 2008] can be used to segment web pages into their visual elements and a transition matrix can be constructed to find the transition probabilities between the visual elements [West et al. 2006] . Furthermore, Eraslan and Yesilada [2015] suggest that the results of scanpath analysis can be affected by individual factors, such as a familiarity with web pages. These factors can also be considered to investigate whether or not they can affect the curve estimations. We believe that our work is a promising step towards understanding how the number of users could be estimated for achieving similar results on scanpath analysis.
We also wanted to conduct our experiments with a third-party eye tracking dataset to cross-validate the results but we could not find a publicly available eye tracking dataset on real web pages -not on the images of web pages. The lack of publicly available datasets on web pages was also highlighted by Shen and Zhao [2014] . We also tried to contact some other researchers in related fields 2 if they have appropriate eye tracking datasets with a sufficient number of users to share with us. Unfortunately, we could not find any public dataset on real web pages for this particular study. Because of this reason, we decided to make our anonymised dataset available so that other researchers can use the dataset for their studies (See Open Data Section). We believe that this would also be a useful contribution to the eye tracking community. We are also planning to conduct another eye tracking study in the long run with different users on different web pages to cross-validate our findings. In that case, the current eye tracking dataset will be considered as a training set and the new dataset will be considered as a validation set.
Scanpath analysis is useful to understand how users interact with web pages, and therefore it contributes to usability research. In particular, Experiential Transcoding suggests that when web pages are transcoded by considering user behaviours, the pages become more accessible in constrained environments, such as on small screen devices [Yesilada et al. 2013; Akpınar and Yeşilada 2015] . Specifically, the visual elements can be re-arranged based on the trending scanpath. However, this should be further investigated with some additional studies. In addition to usability research, scanpath analysis on web pages can also be used in different fields. For instance, Information Retrieval (IR) researchers would also benefit from this analysis by getting some guidance on which parts of web pages should be provided to users and in which order. Scanpath analysis can also be beneficial for advertisers as they typically want to make users interested in their products as soon as possible the users look at web pages [Janoschka 2004 ].
Concluding Remarks
Eye tracking studies have been widely used in usability research, especially for investigating users interactions with web pages to improve their usability [Ehmke and Wilson 2007] . However, researchers typically encounter difficulties in finding users for their eye tracking studies. These studies also usually need more time to complete. Hence, it is crucial for researchers to determine the ideal number of users based on their budget and time (See Section 1). In the literature, some numbers have been suggested but these numbers are typically associated with the studies which aim to find usability problems of a particular product (See Section 2).
Our objective was to investigate the effects of the number of users 2 chi-web@listserv.acm.org in eye tracking studies conducted for analysing eye movement sequences of users on web pages. In order to achieve this, we conducted experiments with an eye tracking study, our scanpath analysis algorithm and the extended and improved version of the VIPS algorithm (See Sections 3-5). Our major findings show the possibility to reach almost the same results with a smaller group of users (See Section 6). From our research, we observed that we can approximate the results of 65 users with 75% similarity by including 27 users for searching tasks and 34 users for browsing tasks.
Since the number of users for usability studies has been a controversial issue over 30 years [Lewis 1982; Schmettow 2012] and existing research does not focus on eye tracking studies which analyse user scanpaths on web pages, this paper contributes to both usability and eye tracking fields. These findings are helpful and useful for researchers who are interested in using eye tracking studies to analyse user scanpaths. Particularly, the researchers who have limited budget and time would benefit from this work.
OPEN DATA
The experiments' data including the materials (the saved versions of the Apple, Babylon, AVG, Yahoo, Godaddy and BBC web pages, information sheet, consent form and questionnaire), the individual scanpaths in terms of the visual elements of the web pages can be accessed at http://iam-data.cs.manchester.ac.uk/data files/19. This link also allows to access the average, median, standard deviation, minimum and maximum similarities between the trending scanpaths of the entire group and the 100 random subsets of each group size on each web page for the browsing and searching tasks. Moreover, it includes the differences in the curves of the set A and the set B.
